コタイグン ジケイレツ ニ タイスル スチューデント $t$ トウケイリョウ ダイ7カイ セイブツ スウガク ノ リロント ソノ オウヨウ by 丹羽, 洋智
Title個体群時系列に対するスチューデント$t$ 統計量 (第7回生物数学の理論とその応用)
Author(s)丹羽, 洋智








Student’s t-statistics for population time-series
H.-S. Niwa
National Research Institute of Fishert,es Science, Yokohama 236-8648, Japan
Hiro. S. Niwa $@$ fra. affrc. go. jp
The nature of the negative feedback relationship between population growth rate and density is
at the heart of population ecology. Although a priori density dependence can be expected in real
populations, when plotting data on the form of the density-dependent relationship, ecologists have
been confounded by considerable noise around each relationship. We anticipate, however, that the
density-dependent relationships are statistically visible on long runs of observation: the negative
relationship between mean growth rate and mean abundance, conditioned on a current population
size that is larger (or smaller) than the equilibrium size, will be seen in the time-series data. If the
conditional expectation is in the range of uncertainty in locating the population equilibrium, it is
difficult to judge whether the system l’s heading toward the equilibrium point in the population time-
series. I here estimate the probability that the negative relationship is visible in the mean behavior
of population dynamics. In order to calculate the probability, the original time-series are analyzed at
different resolutions by constructing a coarse-grained time-series. The Student‘s t-statistic is built to
quantify the ability to infer density dependence from a given (long) observation series
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Cod $($ Gadus $morhua)$ Haddock $($Melanogmmmus $aeglefinus)$ Herring (Clupea harengus). Mack-
erel $($ Scomber $scombrus)$ Plaice $($ Pleuronectes $platessa)$ Saithe (Pollachius virens). Sardine (Sardina
pilchardus) Sole $($ Solea $solea)$ Sprat (Sprattus sprattus) Blue whiting (Micromesistius poutas-





($t+a$) $=e^{-\Lambda I(S(t),z(t))}S(t)$ (1)
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$(t+a)$ $t$ $S(t)$ $a$ $t+a$
$\Lambda I$ $z$
1
$\ln(\Xi(t+a)/_{-*}^{-}-)=(1-[\frac{\partial M}{\partial\ln S}]_{*})\ln(S(t)/S_{*})-[\frac{\partial M}{\partial z}]_{*}(z-z_{*})$ (2)
$\ln\Xi_{*}=-\Lambda f_{*}+\ln S_{*}$ ( )
$n(t)=\ln(S(t)/S_{*})$ $\xi(t)=\ln$ (E(t)/ ) (1)
$\xi(t+a)=(1-\omega)n(t)+\epsilon_{a}(t)$ (3)
$\omega=[\partial M/\partial\ln S]$ .
$(1-\omega)n$ ( ) $\epsilon_{a}=-[\partial\Lambda f/\partial z]_{*}(z-z_{*})$ $L$ -
$\omega$
$\omega=1-\frac{\sum_{t=1}^{L-a}\xi(t+a)n(t)}{\sum_{t=1}^{L-a}n^{2}(t)}$ (4)
RMS (root mean square) $\xi$ RMS $\sigma_{\xi}$
la RMS $[\epsilon_{a}]$ $\sigma_{\xi}$ $S$
(3)
$\frac{\xi(t+a)}{\sigma_{\xi}}=(1-\omega)\frac{\sigma_{n}}{\sigma_{\xi}}\frac{n(t)}{\sigma_{n}}+(1-\omega)\frac{\sigma_{n}}{\sigma_{\zeta}}\sqrt{\frac{L_{\zeta}}{\pi}}\frac{\epsilon_{a}(t)}{RMS[\epsilon_{a}]}$ (5)
$\sigma_{n}$ $n$ ( ) $L_{\xi}=([(1-\omega)\sigma_{n}/\sigma_{\zeta}]^{-2}-1)\pi$
$|n|>\sigma_{n}$V ICES 69%
- ( lb c)
( )
(Shepherd and Cushing, 1990; Myers and Cadigan, 1993; Walters and Parma,






$r(t)=n(t+1)-n(t)$ ( $\Delta t$ ) $\rho_{r\Delta f}(\Delta t)=\sum_{t=1}^{L-\Delta t-1}r(t+\Delta t)\Delta f(t)/\sigma_{r\Delta f}\sigma$
ICES 2 $(\sigma_{f}$ $\sigma$ $r$ $\Delta f$
$)$
$\rho_{r\Delta f}(\Delta t)$ $\Delta f$ $E[r|\Delta f]$
$\Delta f$ $\Delta\xi(t)=\xi(t+1)-\xi(t)$
1.3
$S(t+1)=$ A $(S(t))S(t)+w_{0}$ $(t+1)-Y(t+1)$ (6 )
$S(t)$ $(t+1)$




1: (a) - RMS$\#$ of stocks
RMS $\sigma_{\xi}$ ( 1) 38
($\omega$ $0.73$ 0.52) $L_{\xi}<\pi$ $(\circ)$
(b) $n(t)$ $\xi(t+a)/(1-\omega)$ $x$ $y$ $\sigma_{n}\sqrt{L_{\xi}}/\pi$
$($ $n=\pm\sigma_{n}\sqrt{L_{\xi}}/\pi)$ (c) $L_{\xi}$ ( )
38 $L_{\zeta}\geq 2.4$ $L_{\xi}>\pi$ 36




(a) $\Delta f$ $r$ ( ) $\Delta f$











Time lag [years] $-3$ $-2$ $-1$ $0$ 1 2 3 $(\rho_{r}\Delta f(0)=-0.44)$
Fishing impact $(\Delta f)$










$\ln$ $A$ $(S(t))= \ln\Lambda_{\star}+[\frac{d\ln\Lambda}{d\ln S}]_{\star}(\ln S(t)-\ln S_{\star})$ (9)
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\S 11 $\partial$ / $\partial$S $=0$ \S 12 $F$
$\partial F/\partial S=0$ ( $S$ $Y$ ) (6)
$n(t)$ $\xi(t)$ $f(t)$ 1
$n(t+1)-n(t)=-\gamma n(t)+w\xi(t+1)-F_{*}f(t+1)$ (10)
$\gamma=1-(1-w)(1+$ dln $\Lambda/d\ln$ S $)$
(10)






$\beta_{\xi}$ $\beta_{f}$ $(-1<\beta_{\xi},$ $\beta_{f}<1$ $)$ $\epsilon_{\xi}$ $\epsilon_{f}$ $0$
$\sigma_{\epsilon_{\xi}}^{2}$ $\sigma_{\epsilon_{f}}^{2}$ iid AR $\beta_{\xi}$ $\beta_{f}$ 1 2
















$E[\eta_{k}(t)\epsilon_{k}(t+\tau)]=0$ ( $\tau\geq 1$ ) (16)
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$\sigma_{\eta_{A}}^{2}$ $w^{2}\sigma_{\xi}^{2}$ $F_{\star}^{2}\sigma_{f}^{2}$ (14)
(17)







$\sigma_{n}^{2}$ $=$ $\sum_{k}\sum_{i,j=0}^{\infty}\lambda^{i+j}E[\eta_{k}(t-i)\eta_{k}(t-j)]=\sum_{k}(\sum_{0<j\leq i<\infty}2\lambda^{\dot{\iota}+j}\beta_{k}^{i-j}-\sum_{i=0}^{\infty}\lambda^{2i})\sigma_{\eta}^{2_{k}}$
$=$ $\sum$ $\frac{\sigma_{\eta_{k}}^{2}}{1-\lambda^{2}}\frac{1+\lambda\beta_{k}}{1-\lambda\beta_{k}}$ (20)
$k\epsilon\{\xi,f\}$
(18) (20) $\gamma$ 2
$\gamma^{2}\sigma_{n}^{2}+(1-\gamma)\sigma_{r}^{2}=\sigma_{\eta}^{2}$ (21)
$\gamma$ 2
(10) ( $\lambda$ $\beta_{k}$ )
(18) (19)
(Kubo et al., 1995)
( )
( ) $\text{ ^{}\prime}l_{eq}$ $($Kubo et al., $1995)_{\text{ }}$
$\sum_{\Delta t=0}^{\infty}\rho(\Delta t)=\sum_{\Delta t=0}^{\infty}\exp(-\Delta t/J_{eq}^{1})$ . (22)
(12) (21)
$\beta_{k}$ $\gamma(=1-\lambda)$ (19) $\prime 1_{eq}^{\gamma}$
( ) $D$ ( )
$($Lande et al., 2002; Ives et al., $2010)$
$E[n(t+1)-n(t)|n(t)=n]=-Dn$ (23)
$[-\ln(1-D)]$







$0.08\leq\gamma\leq 0.76$ ) $|n|>\sigma_{n}\sqrt{1+(1-\gamma)/(\gamma^{2}\sigma_{n}^{2}}/\sigma_{r}^{2})$
(18) (19)
$1+ \frac{1-\gamma}{\gamma^{2}\sigma_{n}^{2}/\sigma_{r}^{2}}$ $=$ $[2 \sum_{\tau=0}^{\infty}\rho(\tau)-1]-\frac{2}{\gamma}\sum_{k}\frac{\sigma_{\eta}^{2_{h}}}{\sigma_{n}^{2}}\frac{\beta_{k}/(1-\beta_{k})}{1-\lambda\beta_{k}}-\frac{2(1-\gamma)}{\gamma^{2}}\sum_{k}\frac{\sigma_{\eta_{k}}^{2}}{\sigma_{n}^{2}}\frac{\beta_{k}}{1-\lambda\beta_{k}}$
$=$ $L_{c}/ \pi+2(\gamma^{-1}-D^{-1})-\frac{2(1-\gamma)}{\gamma^{2}}(\gamma-\frac{\sigma_{f}^{2}}{2\sigma_{n}^{2}})$ (26)
$L_{c}=[1+2/(e^{1/T_{r}}1-1)]\pi$ (27)
( $L_{c}$ ) $\beta_{k}arrow 0$ (10)
AR(1) ( $\eta_{k}$ iid ) $Darrow\gamma$ $\gammaarrow\sigma_{r}^{2}/2\sigma_{n}^{2}$ $D^{-1}\approx T_{eq}$
$|n|_{\sim V}>\sigma_{n}$ Lc (25) 1 ICES
$($ $3a)$
(13) $\Delta t$
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$\overline{n}=L^{-1}\sum_{t=1}^{L}n(t)$ $\triangle\overline{n}=$ SD $[\overline{n}]$
Var $[\overline{n}]$ $=$ $L^{-2} \sum_{i,j=1}^{L}E[n(i)n(j)]=\frac{\sigma_{n}^{2}}{L}[1+2\sum_{\tau=1}^{L}(1-\frac{\tau}{L})\rho(\tau)]$
$=$ $\frac{\sigma_{n}^{2}}{L}[2\sum_{\tau=0}^{\infty}\rho(\tau)-I+\frac{\zeta}{L}]$ (29)








$\sum_{n(t)\gtrless 0}[\cdot]/\#_{n(t})\gtrless 0$ ( $\#_{n(t)\gtrless 0}$ $n(t)\gtrless 0$ ) (10)
$\pm\gamma E[\overline{[n]}_{\pm}]>SD[\overline{[\eta]}_{\pm}]$ (32)




(32) $\sigma_{\eta}/\sqrt{}\eta/2$ (21) (26) (32) $L>L_{c}$
( $\eta_{k}$ AR(1) ) $L>L_{c}$
$L<L_{c}$
( ) ( $\overline{[r]}_{\pm}\lessgtr 0$ )
3.2
$f_{\#\text{ _{}\backslash }}^{\text{ }},_{\backslash }^{7}$ $\Phi$ $L$ $\text{ _{}\dagger}^{\backslash }g_{1}/$ $’$ $m$ $\delta^{\phi}1\ulcorner$ $\Xi\downarrow$ $\yen$ $|\overline{n}|<\sigma_{n}\sqrt{2/\pi}(=\pm E[\overline{[n]}_{\pm}])$
– $\theta\backslash$ $\mathbb{P}_{\pi}*\mp$ $\ovalbox{\tt\small REJECT}\theta^{S\text{ }}$
$\backslash$
$\overline{\tau}$ $l\rangle^{\backslash \eta-}$, $3^{\backslash Z’}fl_{r}^{arrow}\iota 5_{1}\overline{n}$ $\ulcorner_{0}]\delta>$ $\}g$
$C_{L}=Pr(|\overline{n}|\leq\sigma_{n}\sqrt{2/\pi})$ (33)
$T_{eq}$ iid
$n_{T_{t\subset\}}}(j)= \lceil T_{eq}\rceil^{-1}\sum_{i=(j-1)\lceil T_{\epsilon q}]+1}^{j\lceil T_{eq}\rceil}n(i)$ , $j=1,$ $\ldots,$ $\lfloor L/\lceil T_{eq}\rceil\rfloor$ (34)
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$C_{L}$ $\lceil\cdot\rceil$ $\lfloor\cdot\rfloor$
$\Delta\overline{n}=\frac{SD[n_{T,.\tau}]}{\lfloor L/\lceil’1_{eq}]\rfloor^{1/2}}$ , (35)
$\frac{\overline{n}}{\Delta\overline{n}}=\frac{\overline{n}_{T_{i}}}{SD[n_{T_{1}},]/\lfloor L/\lceil?_{eq}^{\urcorner}\rceil\rfloor^{1/2}}$ (36)
( $\overline{n}-\overline{n}_{T_{ee}1}=\sum_{t=\lfloor L/\lceil T_{q}]\rfloor\lceil T_{eq}\rceil+1}^{L}n(t)/L$
)
$o$ SD $[n\tau_{\iota\cdot q}]$ $[( \lfloor L/\lceil T_{eq}\rceil\rfloor-1)^{-1}\sum_{J}^{L_{=1}^{L/\lceil T_{1}\rceil\rfloor}}n_{T_{r-\iota}}^{2}.(j)]^{1/2}$
-n/ $\Delta$-n $\lfloor L/\lceil T_{eq}\rceil\rfloor-1$ $t$ (31) (33)
$C_{L}=Pr(|\overline{n}|/\Delta\overline{n}\leq\sqrt{2L/L_{c}})$ $C_{L}$ $t$ $\pm\sqrt{2L/L_{c}}$
$\sqrt{2L/L_{c}}$ $\lfloor L/\lceil’1_{eq}\rceil\rfloor-1$ $t$ 100 $x(1-C_{L})$
$\sqrt{2L/L_{c}}=t_{(1-C_{l},)/2}(\lfloor L/\lceil’l_{eq}]\rfloor-1)$ (37)
$L_{c}$ $=$ 2 $\pi$T $L=L_{c}$ $C_{L}=$ 78.4%
$L_{c}<L$
(ICES, 2008) 4 5
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a $b$














$\overline{[r]}_{\pm}/D$ ( $n\gtrless O$ ) 38
$L$ $L_{c}$ (a), (b)
( $D$ ) $x$ $y$








$($ . $)$ $C_{L}$ $(L_{c}=2\pi?_{eq}^{1}$
$C_{L}$ $)$
$($ $4c$ $d)$ Dl $\pm\lessgtr 0$ (o)
(
1000 ) $L>L_{c}$ 8
$L<L_{c}$
$\overline{[n]}_{\pm}$ $\pm$ $\triangle$-n
$0.0$ 05 1.0 15 2.0 2.5 30 3.5
$L/L_{c}$
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